Objectives: Human salivary adenoid cystic carcinoma (SACC) is one of the most common malignant tumours of the salivary gland and has strong migratory and invasive ability, which often lead to poor prognosis and lower survival rate. Tumour tissue tends to stiffen during solid tumour progression. This study aimed to investigate the influence of various substrate stiffness on the migration and invasion of SACC.
| INTRODUC TI ON
Salivary adenoid cystic carcinoma (SACC) is one of the most common malignant tumours of the salivary gland, accounting for about 18% of all salivary gland malignancies and about 1% of all head and neck malignant tumours. [1] [2] [3] Typical clinical and biological characteristics of SACC include perineural invasion, blood vessel invasion and distant metastasis, which often lead to poor prognosis and lower survival rate. SACC has strong ability to migrate and invade. However, the precise mechanisms underlying migration and invasion of SACC are not known.
Clinical studies have shown that the stiffness of the extracellular matrix (ECM) is significantly increased in a variety of cancers. 4, 5 The stiffness of cancers is higher than normal tissues. For example, the normal breast has the Young's modulus of 0.8-1.2 kpa. 6 The Young's modulus of breast cancer of different grades and category is from 20 to 200 kpa. 7 Numerous studies have shown that mechanical changes in the cell microenvironment may be responsible for specific behaviours of cells, such as adhesion, proliferation and migration. 8 Substrate stiffness has been reported to be powerful regulators of cell migration. MMPs are the main enzymes responsible for ECM remodelling and are classically known to be important drivers of cancer cell migration and invasion. 9 Changes that affect the expressions of MMPs in cell microenvironment will influence cancer cell migration and invasion. TIMPs are the most important physiological inhibitors of MMP function 10 , which inhibit the proteolytic activities of
MMPs by forming 1:1 stochiometric complexes with active MMPs.
However, the relationship between substrate stiffness and expressions of MMPs and TIMPs is few known.
Thus, we investigated in this study, whether substrate stiffness modulates migration and invasion ability of SACC by the expressions of MMPs and TIMPs, using ACC2 cell line and polydimethylsiloxane substrates (PDMS) substrates of varying stiffness. We further want to explore the underlying mechanism.
| MATERIAL AND ME THODS

| Preparation of PDMS substrates of different stiffness
Polydimethylsiloxane substrates (Corning, NY, USA) contain two components: oligomeric base and the curing agent Sylgard184. and then cross-linked in an oven at 60°C for 24 hours. PDMS substrates were exposed to ultraviolet light for 2 hours to sterilization before cells were cultured onto them.
| Scanning electron microscope
For observation of cell attachment and morphological changes, ACC2 cells were plated on varying stiffness of PDMS substrates at 1 × 10 5 cells per well. After fixation in 2.5% glutaraldehyde for 2 hours at 4°C, ACC2 cells were dehydrated in a series of gradient ethanol (30%, 50%, 75%, 85%, 95% and 100%) for 15 minutes at each step. After dried in an exhaust hood, the specimens were mounted on specimen holders, coated with a thin layer of gold and then examined by scanning electron microscope (SEM).
| Cell culture
The human SACC cell line ACC2 was purchased from the Cell Bank 
| Zymography
Zymography was used for detecting the activity of MMP2 and MMP9 in culture media samples (after cultured for 24 hours). Briefly, the protein concentrations were quantified by a BCA kit (Beyotime, 
Nanjing, China). 12 Standard, non-reducing loading buffer containing 62.5 mmol L −1 Tris-HCl, pH6.8, 25% glycerol, 2% sodium dodecyl sulphate (SDS), 0.01% bromophenol blue, no β-mercaptoethanol, was used for sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) (10% SDS-PAGE gel with 0.05% gelatin).
Samples were electrophoresed in SDS-PAGE and then SDS was removed from the gel by incubation in 2.5% Triton X-100 three times for 1.5 hours. The gel then was incubated in proteolysis buffer
37°C for 48 hours. The gel was stained with Coomassie Brilliant Blue for 1 hour and then decoloured in decolourization liquid A, B
and C (methanol concentration of 30%, 20% and 10%, respectively; acetic acid concentration of 10%, 10% and 5%, respectively) for 30 minutes, 1 and 2 hours respectively. The OD method was used for quantization of the bands.
| Western blotting
The whole cell lysis assay (KeyGen Biotech, Nanjing, China) was applied to harvest total proteins. 13 Loading buffer was added into protein samples. Then, the mixtures were boiled at 100°C for 
| Immunofluorescent staining
After ACC2 cells cultured on the PDMS substrates for 3 days, cells
were washed with PBS for 3 times, fixed with 4% cold paraformaldehyde for 20 minutes, perforated using 0.5% Triton X-100 for 
| Statistical analysis
Each experiment was performed in triplicate and reproduced at least 3 separate times. Mean data of semi-qPCR and western blotting Valley, CA, USA) was used for comparing means of all groups, and the Student-Newman-Keuls testing was used for comparing means of each two groups. If the two-tailed P < .05, it can be considered that the data were significantly different.
| RE SULTS
| Morphology and adhesion of ACC2 cells cultured on PDMS substrates of varying stiffness
Due to its flexibility, optical transparency, flexibility and low cost, PDMS has been used in many biomaterial studies. 14 PDMS
F I G U R E 4 Protein expressions of TIMP1 in ACC2 cells on polydimethylsiloxane substrates (PDMS) substrates of different stiffness.
Immunofluorescence staining (A) and western blotting (B) showed the expressions of TIMP1 in ACC2 cells on PDMS substrates of different stiffness. Quantitative analysis of protein expressions was done by optical density (OD) method (C). Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) levels were set as the internal normalized control. The results shown were representative of 3 different experiments (n = 3). Data were presented as means ± SD. *Significant difference with respect to control groups (10:1), **P < .01
substrates were used in this study for their wide elastic moduli and good biocompatibility. Our group has tested the stiffness of PDMS substrates formulated for different proportions of bases and curing agents. Figure 1E ). The area of vinculin was larger on the stiffer substrates and smaller on the softer substrates.
| MMPs and TIMPs expressions in ACC2 cells on PDMS substrates of different stiffness
In order to investigate whether the substrate stiffness could influence the migratory and invasive ability of ACC2 cells, the gene expressions of MMPs and TIMPs were analysed by semi-qPCR. 
| ACC2 cells sense substrate stiffness and then modulate MMP activity may via RhoA/ROCK pathway
Numerous studies have shown that Rho family plays a significant role in the regulation of cytoskeleton, which is closely related to tumourigenesis, invasion and metastasis. 17, 18 Therefore, for exploring
Gene expressions of RhoA/Rho-associated protein kinase (ROCK) pathway related factors in ACC2 cells on substrates of varying stiffness. The gene expressions of RhoA, Rac1, ROCK1 and ROCK2 were detected by semi-qPCR (A). Quantitative analysis of gene expressions was done by OD method (B-E). Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) levels were set as the internal normalized control. The results shown were representative of three different experiments (n = 3). Data were presented as means ± SD. *Significant difference with respect to control groups (10:1), *P < .05, **P < .01 the mechanism by which substrate stiffness modulated the migration ability of ACC2 cells, RhoA/ROCK pathway was investigated.
The result of semi-qPCR ( Figure 5A-E) showed that the expressions of RhoA, Rac1, ROCK1 and ROCK2 were decreased with decreasing substrate stiffness. Meanwhile, the results of immunofluorescent staining of RhoA ( Figure 6A ) and western blotting of RhoA and ROCK1 ( Figure 6B-D) were consistent with those of semi-qPCR.
| D ISCUSS I ON
Recently, mechanical stimulus in tumour microenvironment has attracted much attention as potent drivers of migration and invasion. 19 It has been shown that MMPs expression increases in various cancers, which often leads to increased migration potential of cancer cells. 20 In this study, the results showed that substrate stiffness, Previous studies have showed that focal adhesions transmit signalling by the Rho-family small GTPases to reorganize and contract cytoskeleton. Rho GTPase currently consists of three subfamilies, Rho, Rac and Cdc42, of which RhoA, Rac1 and Cdc42 were best studied. 25, 26 RhoA and Rac1 has been reported to be implicated in mechanosensing and they thereby were studied in this work. 27 Rho GTPase has been identified as a major regulator in cell morphology and migration through its effects on actin filaments. 28, 29 Rho-associated protein kinase is a downstream effector of the small GTPase Rho and plays a significant role in mediating rearrangements of the actomyosin cytoskeleton. [30] [31] [32] When
RhoA bound to guanosine triphosphate (GTP), ROCK1 and ROCK2 are activated and then increase cell contractility through attenuating myosin phosphatase activity and enhancing phosphorylation of myosin light chain 2 (MLC2). ROCK also can promote the phosphorylation of adducin and then promote cell migration. 33, 34 Rac1
regulates the formation of lamellipodia and activation of Rac1 is sufficient to drive cell migration. We found that in this study the expressions of RhoA, Rac1, ROCK1 and ROCK2 were higher on stiffer substrates, which were consistent with the results of
MMPs. Numerous studies have demonstrated that Rho/ROCK signalling pathway can regulate the expressions of MMP2, MMP9
and MMP14 and then enhance cell migration. [35] [36] [37] [38] Consequently, a conclusion can be made that ACC2 cells had stronger ability to migrate on stiffer substrates and RhoA/ROCK signalling pathway was participated in the process of mechanotransduction 39, 40 .
In conclusion, we found in this study that ACC2 cells could sense and then respond to substrate stiffness, which in turn regulated activities of MMPs and TIMPs and then modulate migratory and invasive ability of ACC2 cells. RhoA/ROCK signalling pathway was participated in this process. Our results indicate that matrix stiffness played an important role in progression of SACC, which not only can help understand the strong invasive ability of SACC, but also suggested that therapeutically targeting matrix stiffness may help reduce migration and invasion of SACC and improve effective therapies. Based on the results of this study in vitro, in our future study, we will explore the substrate stiffness on the migration and invasion ability of SACC in vivo. 
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